Incense burning is a popular cultural and religious practice, but whether exposure to incense smoke has effects on lung function is unclear. We investigated association between lung function and incense burning exposure and other household exposures in adolescents who participated in a mass asthma-screening program. Information on asthmatic status and associated factors was obtained from parent-completed questionnaires and student-completed video questionnaires. Approximately 10% of students received lung function examinations. Valid lung function data of 5010 students aged 14-16 years in northern Taiwan were analyzed. Forced vital capacity (FVC) and forced expiratory flow in 1 second (FEV 1 ) were compared by incense burning status and other types of exposures for adolescents. Overall, 70.6% of students were exposed to incense smoke at home. The mean FVC and FEV 1 measures were lower among adolescents with daily exposure to incense burning than those without such exposure (P<.05). Sharing bedroom was also associated with decreased FVC and FEV 1 .
| INTRODUCTION
People spend a major of their time indoors, especially children. 1, 2 Household activities and environmental exposures at home are considered as risk factors of respiratory health for children. [3] [4] [5] In a Russian study of children, Spengler et al. 3 found that cough and phlegm were associated with crowding levels at home as well as traffic conditions outside the house, and the prevalence of asthma and respiratory symptoms increased with the presence of molds at home. Keall et al. 4 found that the dampness level of the house was associated with an increase in respiratory symptoms of children aged <7 years. The distances between home and major roadways have been found to be negatively associated with lung function for children.
5
Incense burning is a common practice at home for culture and religious purposes in Taiwan as well as in most Asian countries. Incense burning also is common among Arabian or European populations for religious worship, masking odor, or pleasure. [6] [7] [8] However, incense burning has been considered as a noteworthy source of indoor air pollution. Fine and ultrafine particulate matter, volatile organic compounds, other gaseous compounds, and heavy metals are emitted from incense burning. [9] [10] [11] [12] For children, exposure to incense smoke has been associated with increased respiratory symptoms. Wang et al.
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study team invited all middle schools in Taiwan to participate in the screening survey with the approval of education authority. With parental consents and assistance from school teachers, nearly all children from 7th to 9th grades in Taiwan participated in the asthma-screening survey. Among the participants, approximately 10% students were randomly selected for lung function examinations. Considering the respiratory symptoms and smoking by children may affect their lung function. In this study, we here report the qualified and reliable lung function data for 5010 no-smoking adolescents with neither asthma nor doctor-diagnosed allergic rhinitis in northern Taiwan.
The parent of each participating student completed the Chinese versions of the New England core questionnaire and returned it to the study team with the assistance from teachers. 17 Students self-completed the International Study of Asthma and Allergies in Childhood (ISAAC) video questionnaires in their classroom after viewing the video with the assistance of trained experts. 18 The parental questionnaire provided information on the student's attributes and health status (birthday, sex, and ever been diagnosed by physician having allergic rhinitis [yes/no]), the habits of exercise (always/seldom/no), and smoking (yes/no). The questionnaire also asked about environmental exposures in households, including incense burning at home (daily/twice monthly/no), families smoking at home (yes/ no), student sharing a bedroom with other family members (yes/no), house or building adjacent to traffic road (yes/no), mold in house (yes/ no), aviculture on the patio or roof (yes/no), and having pets (yes/no).
Exercise was classified as "always" for students who exercise at least three times every week, "seldom" as exercising one or two times every week, and "no" for students who never exercise. Parents also provided the information whether students had ever been diagnosed by physician to have asthma (yes/no) in the past 12 months. If this answer was "yes," students were classified as doctor-diagnosed asthma. Students who had affirmed episodes and/or symptoms of asthma shown in the video were also classified as being asthmatic.
| Lung function test
Lung function tests were performed at schools using a calibrated, We converted FVC and FEV 1 into sex-, age-, height-, and weightspecific z-score based on the predictive values of randomly selected 1000 non-smoking students with neither asthma nor allergic rhinitis.
The predictive equations are described below. 
| Statistical analysis
The attributes and lung functions of the students, habits regarding incense burning at home, and environmental exposures from the students' households were analyzed using univariate analysis first.
Considering that lung function is significantly associated with sex, 17 we conducted sex-specific analyses to examine the association between the mean levels of lung function (FVC and FEV 1 ) in relation to environmental exposures from students' households using Student's t test or one-way ANOVA.
Practical Implications
• Our findings suggest that daily exposure to incense smoke at home is a risk factor associated with a decline in the lung function. Adolescents may need to reduce the exposure to the fumes of burning incense.
We assumed that students living in the same residential district were exposed to similar outdoor air pollutant levels. In this study, the participating students were categorized according to their residential district, and students in the same district were assumed to be exposed to similar levels of air pollutants. The multivariable linear regression analysis with generalized estimation equation (GEE) was then used to evaluate z-score of FVC and FEV 1 , separately, in association with incense burning at home, family smoking at home, students sharing a bedroom, house or building located adjacent to a traffic road, mold in home, aviculture on the patio or roof, and having pets. Regression coefficients (β) and standard errors (SE) were measured, including residential district as a random effect variable. The model was adjusted for school, temperature at time of lung function measurements, age, sex, exercise, BMI, and the interactions between sex and BMI, sex and mold in house, sex and aviculture on the patio or roof, and sex and having pets. In the multivariable linear regression analysis with GEE, no incense burning, no family smoking at home, house not adjacent to traffic, no mold in house, no aviculture at home, and not having pets were used as reference conditions. All data were analyzed using IBM SPSS Statistics version 18 software (IBM Corp., Armonk, NY, USA), and the statistical significance level (α) was set at 0.05. Approximately 71% of students were potentially exposed to incense burning at home for religious worship. A proportion of 37.4% of students lived in houses or buildings adjacent to traffic road, and about 12% students' households had aviculture on the patio or roof. were not statistically significant for boys. Sharing the bedroom was also associated with reduced FVC and FEV 1 for both boys and girls.
| RESULTS

| Personal attributes and environmental exposures at home
| Lung function associated with incense burning and exposures at home
Living near a traffic road was associated with reduced lung function for girls, but not for boys. Family aviculture hobby was associated with reduced lung function for boys, but not for girls. For all students, family smoking at home was associated with decreased FEV 1 and mold in the house was associated with decreased FVC.
However, keeping pets had no significant association with lung function in this dataset. Having pets at home were positively associated with z-score of FVC and FEV 1 (P<.05). There were no associations between adolescent lung function and family smoking at home, mold in house, as well as aviculture on the patio or roof.
| DISCUSSION
This study used data of mass screening for asthma in adolescents without history of smoking, asthma, and/or allergic rhinitis to explore lung function associated with incense burning at home along with other household environmental exposures. Over 70% of participants reported exposure to incense burning at home and those with daily exposure had lower FVC and FEV 1 . However, exposure to incense burning for only twice monthly was not associated with a decline of FVC and FEV 1 . The multivariable linear regression analysis showed that the association with incense smoke exposure was independent of other tested parameters and exposure indicators.
The complex mixtures emitted from incense burning include fine and ultrafine particulate matter, carbon monoxide, carbon dioxide, nitrogen oxides, and volatile organic compounds, heavy metals, and other gaseous compounds. [19] [20] [21] [22] Increased indoor levels of carbon dioxide and total volatile organic compounds elevated the oxidative stress. 21 Exposure to these chemicals may impair the lung defense and lead to declined lung function. Lui et al. 22 used human alveolar epithelial A549 cells exposed to PM 2.5 emitted from incense burning. Major chemical components of PM 2.5 in the incense smoke included polycyclic aromatic hydrocarbons and some oxygenated polycyclic aromatic hydrocarbons, which may lead to inflammatory response. 22 Hussain et al. 23 found that long-term exposure to incense fumes increased the oxidative stress in the lung and liver tissues of male Wister Albino rats. In another animal study, Alarifi et al. 24 observed that the alveolar cells of rats exposed to Arabian incense became necrotic, indicating the injury of the airways. Compared with church workers, Ho et al.
have found that temple workers are at a greater risk of irritation in the throat and nose. 25 A large amount of incense is usually burned in the T A B L E 2 Sex-specific lung function associated with the environmental exposures at students' households of participating students prayer practice of Buddhism/Taoism culture. Studies have associated incense burning with the risk of developing asthma and the smoke may aggravate wheezing in asthmatics. 6, 13, 14 Daily incense burning may contribute high levels of emitted pollutants to the indoor air leading to elevated oxidative stress, inducing an irritancy response, changing pulmonary structures, and decreased adolescents lung function.
In this study, the prevalence of students sharing bedroom with family members was 47.4% and this practice was associated with decreased FVC and FEV 1 . The indoor concentration of carbon dioxide elevated with increasing crowding levels and associated with dry throat, tiredness, and dizziness. 26 The crowding levels at home were associated with cough and phlegm among children. 3 Cardoso et al. 27 found that children below 5 years of age sharing a bedroom had an increased risk of lower respiratory infection. Children sharing a bedroom may also have an increased chance of cross-infection, which could cause a decrease in lung function.
Traffic-related pollutants are associated with decreasing lung function among children. Our results also showed that adolescents living near to areas with traffic had lowered lung function, consistent with previous studies. Rice et al. 5 found an inverse association between the distances from home to major road and lung function among children.
Cakmak et al. 28 found that increasing truck turning movement counts were negatively associated with FVC and increased the prevalence of respiratory symptoms for children among lower-income families.
Although only 12% of students' households had aviculture on the patio or roof, FVC and FEV 1 for boys were lower among these households than those without this practice. Such relationship was not observed among girls. In a survey for Latino poultry workers, Mirabelli et al. 29 found that mean FVC and FEV 1 values were lower among poultry workers, especially for men, than among a comparison population.
Kearney et al. 30 also found that the values of lung function among poultry workers were smaller than predicted values. Martine et al.
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analyzed the bioaerosol samples from a duck production facility and observed bacteria such as Escherichia, Shigella, Staphylococcus in deposited particles, with diameters below 1 μm, which may be inhaled into alveoli.
The unadjusted comparison in our data showed that family smoking at home was associated with reduced FEV 1 in children and mold in house was associated with reduced FVC. These relationships became in no significant in the multivariable analysis. It is not consistent with T A B L E 3 Multivariable linear regression analysis with generalized estimation equation a for lung function associated with incense burning and the selected environmental exposures at students' households previous studies, which have associated impaired airway and declined lung function in children with family smoking and mold in house. [32] [33] [34] Children who participated in this study were all non-smoking adolescents with neither asthma nor allergic rhinitis. The religious incense burning is generally practiced before breakfast and/or supper in the living room or dining room in Taiwan. Children may have a greater exposure to the incense smoke than the secondary smoke at home. In general, the behavior of paternal smoking is cautious in some families.
Therefore, the impacts on lung function from family smoking at home or mold in houses might be over-adjusted in the multivariable analysis.
It is interesting to note in our multivariable analysis that adolescents owning a pet at home have an increased lung function. This finding is consistent with some recent studies. Collin et al. 35 followed up a UK cohort of 8-year-old children and found that those who had owned pet rodents or birds were positively associated with FVC and FEV 1 values. Lowe et al. 36 found the ownership of dog and cat was not associated with decreased lung function in toddlers.
To the best of our knowledge, this study is one of the few to explore the association between adolescent lung function and exposure to incense burning at home. However, this study has some limitations.
A cross-sectional design was used, which cannot establish causal relationships between studied lung function and risk factors. The concordance of responses of asthmatic status in questionnaires from students and their parents was perhaps not strong, but it might be a non-differential bias in this study. The effects of social status, diet, health status of adolescents, the cooking style, cleaning product usage, and dampness level at home were not considered as covariates in this study. Information bias from self-reported questionnaires may lead to an underestimate of the relationship between lung function and risk factors. Besides, as the included participants were between 14 and 16 years of age, we cannot extrapolate from our results to all ages of children. Additional studies are required to validate this concern.
| CONCLUSION
Our findings suggest that frequent exposure to incense burning at home is associated with the decline of lung function in adolescents.
Lowered lung function also associated with sharing a bedroom with family members and living in houses adjacent to traffic. Children living in house with daily incense burning should use caution to avoid the exposure to the smoke of burning incense.
